This paper studies the effects of oil rent on development using a unique panel dataset describing worldwide oil discoveries and extractions. First, we revisit the so-called curse of oil, which contends that oil rent hinders economic development. Exploiting cross-country variations in the timing of oil discoveries and the size of initial oil in place, we find that, contrary to the oil-curse hypothesis, there is little robust evidence of a negative relationship between oil endowment and economic performance, even after controlling for initial income. Second, based on both crosscountry and panel evidence, we find a robust Malthusian effect because of oil abundance, which might reduce the economic growth measured in per capita GDP. On an accounting basis, this Malthusian effect arises from both higher birth and migration rates. Finally, we show that focusing on material gain may understate the welfare gain from oil abundance, because relative to non-oil countries, oil-rich countries gain more in health improvements. JEL Classifications: O13, O15, Q32, Q56
Introduction
One of the most enduring questions in development economics is whether successful production of extractive commodities, such as oil, promotes or hinders economic development. The staples thesis, first motivated by the experience of Canada during the 1900s, argues that natural resource booms fuel economic development. 1 The idea of a -big push‖ provides a mechanism by which resource rents help set industrialization in motion. The disappointing growth record of some resource-rich developing countries during the past few decades, however, has inspired many economists to consider natural resource abundance as a curse for development. -Dutch disease‖ (i.e. an economic crowding out of increasing-return activities) and rent seeking (i.e. a political crowding out of productive activities) are the two leading explanations for the so-called -resource curse.‖ Understanding the impact of natural resource wealth on development has important policy implications especially in a time of concern about sustainable economic development and energy security. The World Bank's 2003 World Development Report found that unsustained growth is closely associated with point-source resources, and the resource curse doctrine forms the rationale behind many development programs such as the World Bank's Chad-Cameroon Petroleum Development and Pipeline Project.
The association between economic development and oil wealth is controversial. The cross-country empirical research on the economic resource curse began with Sachs and Warner's (1995) widely-cited study, which documented a negative statistical relationship between natural resource dependence, measured by exports of natural resources as a fraction of GDP, and economic growth. 2 However, resource dependence (or comparative advantage in resource products) is not the same as resource abundance (Wright and Czelusta, 2004) . With improved 1 In a classical paper, however, Chambers and Gordon (1966) challenge the staple thesis and argue that the positive impact of resource booms on economic growth is exaggerated. Interestingly, they conjectured that one possible reason is that the economic benefit from resource booms will be at least partially absorbed by the resource-boomsinduced population growth. In the case of the wheat boom in Canada, they wrote, -For one basic reason the conclusion so far reached ... unquestionably exaggerates the effects of the staple. This is because the model produces no growth in population due to the wheat boom, and this in turn is due, among other things, to the assumption that population only migrates for wages. No part of the increase in rent would go to new immigrants, but would be captured in its entirety by individuals previously resident in Canada.‖ 2 Sala-i-Martin (1997) even concludes that natural resource dependence is one of the ten most robust variables in empirical studies on economic growth, although Sala-i-Martin et al. (2004) find that the fraction of GDP in mining has a robust and positive relationship with growth. Auty (2001) and van der Ploeg (2006) provide some useful overviews of the resource curse literature. Papyrakis and Gerlagh (2007) provide similar evidence using U.S.-statelevel data.
measurement of resource abundance, recent studies find that natural resource wealth tends to positively affect economic growth (Alexeev and Conrad, 2009a; Brunnschweiler and Bulte, 2008; Lederman and Maloney, 2008; Stijns, 2005) .
Like many other cross-sectional regression analyses, these cross-country resource-curse studies suffer from various problems of omitted variable and endogeneity biases as well as measurement error, and hence the reliability of the evidence has been seriously questioned.
First, countries with insecure ownership may be less effective in oil exploration and extraction, whereas leaders in a politically unstable environment (e.g. civil war) may over-extract relative to the efficient extraction path because they have higher discount rates. Therefore, cross-country evidence based on current oil reserves or production to proxy for oil abundance is likely to be subject to omitted variable as well as endogeneity biases. Second, without information on the timing of oil discovery, controlling for the -initial‖ level of income may introduce additional bias because the initial level of income is endogenous to oil wealth when it is measured after oil extraction took place (Alexeev and Conrad, 2009a) . Third, while some of these recent studies mentioned above correctly point out the endogeneity problem introduced when the size of natural resource is deflated by GDP, because the denominator explicitly measures the magnitude of other activities in the economy, their new measure of resource abundance, resource stocks per capita, suffers from a similar endogeneity problem because population, as we argue in this paper, is also endogenous to oil abundance. Dutch disease (Sachs and Warners, 1999; Torvik, 2001) and rent seeking (Lane, and Tornell, 1996; Robinson, Torvik, and Verdier, 2006; Torvik, 2002) are the two leading explanations for the resource curse puzzle; none of the previous studies considers the possibility of a Malthusian effect -a positive effect of the standard of living on the growth rate of population, which eventually might lead to a negative feedback from the size of population to the standard of living.
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This paper uses data on worldwide discoveries and production of oil to provide new evidence of the effect of oil wealth on development. 4 We first re-examine the resource-curse 3 An interesting recent exception is Weil and Wilde (2009) , which does not address the resource curse problem directly but asks the general question: How Relevant is Malthus for Economic Development Today? Weil and Wilde adopt a more narrow definition of Malthusian effect. Throughout this paper, by -Malthusian effect‖ we simply refer to the phenomenon of an increase in population because of oil abundance. 4 We focus on the case of oil because oil has become the most important extractive commodity since the turn of the middle of the twentieth century. Moreover, the high-quality data exist in the case of oil.
hypothesis in a cross-sectional context -after correcting for the possible biases because of mismeasurement of initial income and omitted variables, which affect both current oil abundance and development. We assemble data on the timing of oil discoveries and the size of initial oil endowment. Knowledge of the timing of oil discoveries helps to solve the endogeneity problem by identifying the relevant growth period so that we can make a more accurate before-and-after comparison. Our data confirm the criticism that controlling for initial level of income (usually measured at year 1970) creates an endogenity problem because global oil discovery peaked in the early 1960s, with many oil-rich Middle East countries having a peak discovery year prior to 1950. On the other hand, since the formation and accumulation of oil are determined by geology, cross-country variation in initial oil endowment (before any extraction) provides an exogenous variation in oil abundance. Exploiting variation in initial oil endowments attributable to geography as well as differences in the timing of oil discovery, our analysis compares changes in GDP per capita before and after oil discovery in countries abundant in oil with changes in otherwise similar countries with small or no oil endowments.
Growth in GDP per capita can be driven by changes in total GDP, changes in population, or a combination of both. It is well documented that many oil-rich countries in the Arab world have been experiencing rapid population growth (e.g. Winckler, 2009 ). More generally, to the extent that children are normal goods, we might expect a resource boom to induce higher fertility rates among oil-rich countries (Black et al., 2009 ). Using our before-after research design, we can decompose the source of economic growth into its intensive and extensive components, so that we can evaluate to what extent the resource curse can be explained by a Malthusian trap. For instance, even when there is no crowding out and oil rent has a multiplier effect on total GDP, part of the gain in GDP per capita can be absorbed by the induced population growth.
Furthermore, we examine if the oil-induced difference in population growth is driven by differences in birth, death, or migration rates. Finally, while GDP per capita provides one useful measure of the quality of life, overall economic welfare depends on both the quality and the quantity of life, represented by longevity. It is shown that in addition to material gain, many dimensions of health were substantially improved throughout the twentieth century (Becker, Philipson, and Soares, 2005) . Focusing on material gain may therefore understate the welfare gain from oil abundance. Indeed, some Middle East scholars argue that oil revenues enable many Arab governments to establish welfare states that benefit the population with the provision of subsidized public health care and education (Fargues, 2003) . To conduct a more comprehensive assessment of the welfare implication of oil abundance, we also investigate if oil-rich countries gain more or less in life expectancy and infant mortality reduction.
Contrary to the resource-curse hypothesis, our before-after research design shows that there is little robust evidence of a negative relationship between oil endowment and economic growth (measured by growth in GDP per capita) even after controlling for initial income. Indeed, when extreme outliers are dropped, we find that oil discovery has a significant positive effect on economic growth. The oil effect on total GDP growth is even larger, because oil discovery also leads to higher population growth -a Malthusian effect. In particular, discovering 6,000 barrels of oil per capita (the size of an average large-oil country, which is approximately the initial endowment of Trinidad and Tobago) increases the annual average population growth rate by almost 0.17 percentage points over the three decades after the discovery. Unlike the oil impact on economic growth, this oil-induced Malthusian effect does not depend on whether outliers are included or excluded from the sample. Our results suggest that this robust Malthusian effect can be explained by both higher migration and birth rates in oil-rich countries. Finally, we show that focusing on material gain may overstate the negative Malthusian effect on overall welfare, because there is some evidence that oil-rich countries gain more in longevity and suffer less from infant mortality.
While cross-country regressions with exogenous variation in the variable of interest are useful in identifying causal effects in the long run, one important drawback of them is the potential problem of omitted variable bias because of unobserved heterogeneity. We argue that in the case of oil and development, cross-country estimates tend to overstate the oil impact on economic growth and understate the impact on population growth when these omitted factors, such as favorable institutional structure, encourage oil exploitation and promote economic development (David and Wright, 1997) . Focusing on cross-sectional variation also leaves the time-series variation in oil price unexploited. Moreover, to test the big-push hypothesis, which contends that resource booms cause industrialization because they raise incomes and therefore demand for domestic manufactures, or the Dutch disease-type argument, which argues that resource booms cause factors to shift away from the manufacturing sector, the relevant source of variation is changes in the size of oil rent over time. Our second strategy is to use panel methods to exploit within-country variation in oil rent so that we can control for possible country-specific omitted factors that do not change over time. In other words, we ask whether a country is more likely to have (relatively) slower growth as it receives more oil rent. Our results based on panel evidence are broadly consistent with the results from cross-country estimation: oil rent is not an economic curse, although our estimates do not support the Big-Push argument either, and the robust Malthusian effect by which growth in population absorbs a fraction of the oil-induced growth in total income. Overall, however, citizens from oil-rich countries at least gain by more health improvements.
The paper proceeds as follows. Section 2 begins with a discussion of Alexeev and
Conrad's critique of the existing resource curse literature. We highlight the tradeoff between including and excluding a proxy for initial income, and we argue that their criticism may also apply to their own study, especially when population is endogenous. We then describe how our data can address these econometric problems. Section 3 presents the basic results based on a cross-country before-after comparison. Section 4 extends our analysis in a panel framework.
Section 5 provides sensitivity checks. Section 6 discusses the interpretation of our findings and concludes.
The Elusive Curse of Oil
We first review in this section some recent criticisms of previous empirical studies on the resource curse problem (Alexeev and Conrad, 2009a; Brunnschweiler and Bulte, 2008) . Among these, Alexeev and Conrad's main criticism can be interpreted as a problem of the tradeoff between errors of omission and measurement first studied by McCallum (1972) . After explaining why their empirical strategy may also suffer from similar endogeneity and measurement problems, we describe how our data can help address them.
Tradeoff Between Including and Excluding Proxy for Initial Income
Alexeev and Conrad (2009a) identify several econometric problems from the resource curse literature. First, they argue that when controlling for the initial level of income in their regressions, these earlier studies, which compare growth rates across countries over a specific period of time, create an endogeneity problem because the initial income is usually measured after the first commercial exploitation took place.
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To better understand Alexeev and Conrad's major critique and their solution to the problem, it is useful to reinterpret it as a general econometrics problem: Is it better for the estimation of the coefficient of interest (the oil coefficient in our case) to include other variables (initial level of income in our case) measured with error? In an early attempt to address this problem, McCallum (1972) shows that, under some plausible assumptions, the asymptotic bias will be smaller if the proxy is used than if the missing variable is simply omitted. Accordingly, even if early income data are unreliable, the -kitchen sink approach‖ is justified. In our case, if oil endowment and initial income are positively correlated, the oil coefficient will be subject to an upward bias when initial income is omitted, and introducing a proxy for initial income will reduce this upward bias. Estimates from regressions that omit the initial income variable may be biased upward if wealthier countries are more successful in oil exploration. Nonetheless, Griliches (1977) argues that including a proxy can easily introduce a downward bias to the coefficient of interest when the variable of interest is also subject to errors of measurement, because the bias from this measurement error will be magnified as more variables are included in the regression. Moreover, even in the absence of measurement errors, caution should be taken when including any control variable which is endogenous to the variable of interest. 6 These considerations suggest that, especially when oil abundance is measured with error, controlling for the initial level of income may bias the oil coefficient downward, which is the main concern raised by Alexeev and Conrad.
Entire Growth Period vs. Relevant Growth Period
The main issue, according to Alexeev and Conrad, is the effect of resource endowment on the economic growth over the entire period of discovery and commercial use of the resource and beyond. Because of concern over the reliability of early income data, and more importantly, because of the lack of detailed information on the timing of discoveries, their approach is to 5 In the resource curse literature, growth rates are usually measured as an average rate for a 25-30 year period starting in 1965 or in 1970. 6 In labor economics, a well-known example is to control for test scores as a proxy for ability when estimating the return to education. measure long-term growth via GDP per capita levels measured in the year 2000 rather than to calculate growth rates over a given period of time.
To illustrate, Figure 1 presents the time series of the average GDP per capita for three groups of countries, classified according to their oil reserves per capita at the year 1980. Over the sample period 1960-2000, all country groups were growing steadily, except the group with the largest oil reserves during the 1980s. The negative economic growth experienced by these oilrich countries for more than a decade is the main driving force behind the curse-of-oil result.
Alexeev and Conrad's observation is simple: larger oil endowments are associated with higher level of current per capita income, although their growth rates may be relatively slow over the sample period. Based on their analysis, they conclude that oil-rich countries experienced high growth rates in the early stages of extraction and perhaps slower rates when the oil deposits mature, but so far oil resources have enhanced rather than inhibited long-term growth. Indeed, according to our figure, countries with more oil are always wealthier throughout the sample period. Moreover, countries with small oil reserves were growing faster than countries with no oil, although one must be cautious in drawing any causal inference from aggregate time series data.
By omitting initial income, Alexeev and Conrad are essentially asking the question -Are countries with larger oil endowments richer than those with less or no oil in the year 2000?‖ From a theoretical perspective, unlike the cross-country growth regression framework which can be derived from the neoclassical growth model, level regressions are less easily traceable to a single theoretical model (see Barro (1998) There is an empirical literature on cross-country income accounting, which aimed at accounting for variation in the level of income per capita rather than in its growth rate (e.g. Hall and Jones (1999) ). However, given that the question from the resource curse literature is whether natural resource promotes or hinders growth and development, the relevant regression is to control for initial income. Another related reason for the inclusion of initial income as a control variable is that of the growth effect of oil depends on the initial income. In other words, our specification allows for the possibility that the growth effect of oil being a function of initial income. Interestingly, Bloom et al. (2009) found that the estimated impact of health improvements on economic growth depends crucially on the assumption that whether initial health and income affect subsequent economic growth. 
Endoegneity of Measures of Oil Abundance
Another criticism from both Alexeev and Conrad (2009a) and Brunnschweiler and Bulte (2008) is that previous studies use oil dependency, measured by the share of oil output (or exports) in GDP as the independent variable of interest. Since the research question is about the effect of natural resource on GDP, using oil dependence introduces an endogeneity bias similar to a division bias which biases the estimate downward. In their main specification, they use measures of current natural resources expressed per capita. 9 However, using current natural resources per capita as an independent variable in crosscountry analysis creates two problems. First, as mentioned above, because different countries discovered oil at different years, comparing cross-sectional oil reserves at a given point in time may understate the extent of oil abundance for those who discovered and started producing oil earlier. 10 Second, and more importantly, the main point of our paper is that population is endogenous to oil abundance, and hence their argument applies to both current GDP and population. In particular, if oil has a positive effect on population growth, normalizing oil by current population can create an upward bias in estimating the oil impact on economic growth.
To see this, for each cross section from 1970-2000 Table 1 presents the regression estimates of the effect of oil abundance on (log of) GDP per capita. Following Alexeev and Conrad (2009a) , we consider a highly parsimonious specification which controls only for a few 8 For example, according to our oil data (see the details below), the estimated peak year of production for Kazakhstan is 2030. Measuring income for Kazakhstan at year 2000 will therefore miss a large fraction of the oil impact on economic growth because it is estimated that the oil production will increase over the next 20 years. On the other hand, measuring income on year 1970 will overstate the oil impact on growth for countries like Norway, which has peak discovery year 1979. 9 More precisely, Alexeev and Conrad (2009a) use hydrocarbon deposits per capita in year 1993. 10 For instance, although the United States and Saudi Arabia have similar amount of oil endowment, according to our data, Saudi Arabia's current oil reserves is 6 times more than the reserves of the United States, because the United States started extracting oil almost 8 decades before Saudi Arabia did and as a swing producer for OPEC Saudi Arabia has been producing below its full capacity.
geographic and demographic variables including absolute value of latitude, dummy variables for two different geographical regions (namely, East Asia/ Pacific and sub-Saharan Africa), ethnic and religious fractionalization, and the fraction of Muslim population. In columns (1) and (2) (3)). We agree with Alexeev and
Conrad's logic because current GDP is endogenous to oil, but what they are interested in is not just GDP but the ratio of GDP and population, and hence normalizing by current population can be equally problematic if oil affects population growth. In column (4), when oil abundance is measured by current reserves divided by population in 1960, the size of the estimated coefficient shrinks by more than ten times. Of course, normalizing by earlier population will inflate the measure of oil abundance when population grows regardless of the presence of oil, and hence we cannot jump to the conclusion that oil wealth encourages population growth. Measuring oil abundance by oil reserves per capita in 1960, we obtain a slightly larger estimate, but still much smaller than the one in column (3). Because lagged oil reserves (rather than current reserves) is a better predictor of current production, this smaller estimate suggests that using current reserves per capita tends to overstate the impact of oil on economic growth.
The rest of the table presents results from different cross sections. A similar pattern is observed across specifications. More importantly, there is also wide variability in the magnitude of the estimated effects of oil across cross sections for a given specification. For example, even controlling for initial income in column (1), there is no oil curse from both the 1970 and 1980 cross sections.
Data on the Timing of Oil Discoveries and the Size of Initial Oil in Place
To identify the relevant (not the entire) growth period, we assemble data on the timing of discoveries as well as the size of ultimate oil endowment, so that we can compare income before and after oil discoveries. The oil endowment and discovery data are obtained from Dr. Colin
Campbell at the Association for the Study of Peak Oil (ASPO), a non-profit organization that is devoted to gathering industrial data to study the dates and impact of the peak and decline of world oil. While oil exploration and extraction activities extend over time, our data suggest that a country's major discoveries are usually concentrated in a few years, known as the peak discovery period. Knowledge about the timing of oil discoveries is important because it helps to solve the endogeneity problem by identifying when the initial income should be measured.
The dataset also provides an estimate of the total oil initially in place for each main oilproducing country. The amount is estimated most recently by geologists, using statistical techniques involving size distributions and geological habitats. Because oil is a natural resource, the size of a deposit before any extraction is exogenous. 11 More importantly, unlike oil reserves at a given year, our measure does not depend on the success of exploration and the rate of depletion, which might be affected by unobserved factors which also determine development. To check the robustness of the ASPO's estimate of oil endowment, in section 5, we present results based on another independent estimate of oil endowment from the US Geological Survey.
Oil and Development: Revisiting the Cross-Country Evidence
In this section, we revisit the cross-country evidence with two aims. First, we examine whether identifying the relevant growth period through the timing of oil discoveries and using exogenous measures of oil abundance affect the results of the long-term growth impact of oil, and we also explore if the oil-growth relationship varies across time horizons. Second, we decompose the oilinduced growth into extensive growth and intensive growth so that we can understand if oil-rich countries suffer negative economic effects from overpopulation. In addition, we further decompose the oil-induced population growth into crude birth, crude death, and migration rates, and we also consider the effects on other related health outcomes, including infant mortality and life expectancy.
Before-After Comparison Using Exogenous Measures of Oil Abundance
We begin by organizing the raw data in various ways to present some initial evidence of the long-term impact of oil abundance on development. Before we report our results, we note that Easterly (2004) observes that many results from cross-country growth regressions are driven by outliers. As a point-source natural resource, the distribution of oil endowment is highly skewed.
We identify an extreme outlier from our sample (United Arab Emirates), which we think is driven mostly by measurement error (see the appendix for the details, including some robustness checks). In what follows, we report the results based on the sample excluding this outlier.
Figures 2 and 3 provide an overview of trends of the average per capita GDP and population for three groups of countries, classified according to their initial oil endowment per capita, where population is measured as the average population over a decade before the peak discovery year. 12 Unlike Figure 1 , these countries are sorted according to their year of peak oil discovery, so that these trends illustrate changes in income and population before and after oil discovery. The trends from Figure 2 are similar to Figure 1 , with an important exception that from the two to the three decades after the peak discovery year, which is around 1960 globally, the trend is almost flat rather than negatively sloped. Given that the large-oil countries do not seem to grow slower than the no-oil countries, and the small-oil countries seem to grow faster than the no-oil countries, it is hard to see any obvious curse of oil from this figure. Figure 3 depicts the pattern in population trends: population diverges, with population growing faster in oil-rich countries.
Descriptive statistics are summarized in Table 2 . Countries are again classified into three groups, according to their oil abundance defined as above. Initial GDP per capita is measured as the log of average GDP per capita over the decade before the peak year. The dependent variable annual average growth rate of GDP per capita is the difference between this variable and the log of average GDP per capita over the third decade after the peak year and then divided by the number of years between them. 13 Other dependent variables, annual average growth rate of total GDP and annual average growth rate of population, are defined in a similar way.
12 The ASPO dataset covers most oil countries. For the rest of the world, oil endowment is either insignificant or nil. The oil endowment of these countries is imputed by adding cumulative production to current reserves, both of which are identified from public data. The peak discovery date is imputed using the regional peak year given by the ASPO dataset. 13 Growth under different time horizons will be considered in the regression analysis below.
Growth in total GDP is monotonically increasing in oil abundance, which is inconsistent with the notion of over-dissipation of rents. Population in countries with the largest oil endowment grows faster than countries with smaller oil endowment. As such, in terms of per capita GDP growth, countries with the largest oil endowment do not grow faster than countries with smaller oil endowment, although countries with no oil grow systematically more slow than oil-countries. Although these differences are not statistically significant in the raw data, they suggest that, (1) oil abundance is not likely to be an economic curse, and (2) population grows faster in countries with sufficiently large oil endowment.
The rest of the table shows that the sample of countries with different oil endowments is balanced across a wide variety of variables, suggesting the distribution of initial oil endowment is more or less random. While the distribution of oil endowment is highly skewed, there is no systematic difference in the peak discovery year, religious fractionalization, and percentage of Muslim across countries groups. Although there are significant differences in initial total GDP, initial population, ethnic fractionalization, and latitude across countries groups, none of these differences is monotonic in oil abundance. The only systematic and significant difference is initial GDP per capita: oil abundance and initial income are positively correlated. To the extent that initial income is contaminated by oil rent because of measurement error, we tend to underestimate the positive economic effect of oil abundance. In other words, if we do not find a robust negative association between oil abundance and economic growth even after controlling for initial income, we can comfortably reject the oil-curse hypothesis.
To estimates the long-term impact of oil discovery on growth, we consider the following simple, long-difference, before-and-after empirical strategy:
where the variables INCOME_GROWTH i , INITIAL_INCOME i , and OIL i , are defined as above.
X i ′ is a set of control variables which includes absolute value of latitude, dummies for East Asia (including Pacific) and sub-Saharan African countries, and ethnic and religious fractionalization. 14 We also control for the fraction of Muslim population because many oil-rich 14 Institutional quality will be considered in Section 5. We do not control for institutional quality in our main specification, as in Alexeev and Conrad (2009a) and Brunnschweiler and Bulte (2008) , because data on these countries are Muslim countries and the pro-natalist teaching in Islam is sometimes said to be responsible for high fertility rates in many Muslim nations. Since countries may have different peak discovery years, we also include time (decade, in particular) fixed effects in our regressions. ε i is an error term capturing all other omitted factors. As in any other cross-country regressions, the key identification assumption is that conditioning on observables, the error term is mean zero. The regression equations for total GDP growth and population growth are defined in a similar way. and time fixed effects as controls and one with the full set of controls. Focusing first on the effect on total GDP growth from the first row, it shows that larger oil discovery leads to significantly positive and sustainable extensive growth measured in total GDP, which refutes the possibility of over-dissipation of rents. For instance, over the three-decade horizon, the point estimate of 1.121
(with standard error 0.285, and hence significant at the 1% level) implies that discovering 6,000 barrels of oil per capita (the size of an average oil-rich country, which is approximately the initial endowment of Trinidad and Tobago) increases the annual average total GDP growth rate by almost 0.7 percentage points over the three decades after the discovery.
The second row of Table 3 shows that larger oil discovery also leads to significantly higher population growth -a Malthusian effect. In particular, discovering 6,000 barrels of oil per capita increases the annual average population growth rate by almost 0.2 percentage points over the three decades after the discovery. Since this oil-induced Malthusian effect is dominated by the impact on extensive growth, oil-rich countries indeed also gain from intensive growth, measured in GDP per capita. In particular, discovering 6,000 barrels of oil per capita increases the annual average GDP per capita rate by more than 0.5 percentage points over the three decades after the discovery.
Our estimates of the development impact of oil abundance are quite precise, and the effects persist over different time horizons. Moreover, in most cases, the effects are significant measures are not available until 1996, and hence to the extent that institution is endogenous to oil abundance, Alexeev and Conrad's main critique applies.
with and without including the control variables. Figures 4 and 5 depict our regression results using partial residual plots. Casual observation suggests that our results are not driven by a few outliers, which is always a concern in cross-country regression analysis. We show in section 5 that our estimated oil impact is robust to eliminating some of the most oil-rich countries from the sample.
Sources of the Oil-Induced Population Growth
We have found strong cross-country evidence that oil encourages population growth, but how exactly? In this subsection, we consider different sources of the oil-induced population growth by investigating the impact of oil abundance on the number of births, deaths, and net migration.
Because of the lack of pre-discovery data on these variables, we conduct our analysis under the standard cross-country growth framework, using initial oil reserves per capita to measure oil abundance. To check the robustness of our estimates, we run the regressions over different periods as well as time horizons.
The results are reported in Table 4 . The dependent variable in the first column is annual average population growth over the relevant period. Next, the dependent variable average births is computed as the average total number of births divided by initial population over the sample period. 15 The dependent variables average deaths and average net migration are calculated in a similar way. 16 All regressions are run with the full set of controls, including initial level of log population, log GDP per capita, democracy, age structure of population, and other geographic and demographic controls from the previous regressions.
Column (1) shows that the oil-induced Malthusian effect holds over different periods as well as time horizons, with the effect the weakest during the 1980-2000 period. The effect of oil abundance on births is summarized in column (2). Our results are broadly consistent with the conjecture that children are normal goods. Oil-rich countries have significantly more births in all 15 Note that our measure is different from average birth rates over the sample period. Because oil abundance can potentially affect population through deaths and net migration, the impact on births will be confounded with other changes in population if we use the standard measure of birth rate. To isolate the oil impact on the number of births over a particular period, we therefore normalize the average total number of births by initial population. 16 For consistency, all the data on the dependent variables, including the population data, are taken from the World Development Indicator.
periods, although the effect becomes weaker in magnitude over time. 17 On the other hand, column (3) shows that there is no robust relationship between oil abundance and the number of deaths.
While the traditional Malthusian analysis usually pays little attention to migration, column (4) shows that net migration is indeed always a more important driving force of population growth compared with births, and the migration effect also becomes relatively more important over time.
Resource Curse or Malthusian Trap?
One important implication from the Malthusian model is that holding the function generating population growth constant, increases in the stock of resources will eventually result in more people but not a higher standard of living. However, Becker, Philipson, and Soares (2005) Table 5 reports the reduction in infant mortality and gain in life expectancy over different periods, using data from the World Bank. In sharp contrast to Besley and Kudamatsu's findings, row (1) shows that oil abundance has a negative impact on infant mortality and a positive impact on life expectancy during the 1960s and 1970s, although the effects are insignificant over the 1970-1990 period from row (2). Indeed, using data from the United Nations, which have a few more observations, we find even more significant effects over the 1960-1980 period. In particular, the point estimate for the infant mortality regression is -0.599 (standard error = 0.233, and hence significant at the 1% level), and the point estimate of the life expectancy is 2.127 (standard error = 0.874, and hence significant at the 5% level). Row The results from the early period provide suggestive evidence that oil-rich countries gain more in health improvements earlier instead of later, although the health gap has been closing since the 1980s. The negative oil effect on health since the 1980s should not be interpreted as a curse of oil abundance, since it was a period of oil bust because of dramatic decline in oil prices rather than a boom period because of new discoveries. 21 Despite the Malthusian effect, our crosscountry results shed considerable doubt on the claim that oil is a curse because on average the larger population from oil-rich countries are neither trapped in poverty nor poor health.
Oil and Development: New Panel Evidence
In this section, we study the oil-development relationship using panel estimations. To our knowledge, much of the literature, with the exception of Manzano and Rigobon (2001) , employs either OLS or instrumental variables estimation procedures without fixed effects.
There are two caveats to our cross-country before-after comparison. First, we identify the country United Arab Emirates as an extreme outlier in our sample. While the estimated Malthusian effect is robust to the inclusion of this outlier, the estimated economic impact of oil discovery is not. We argue in the appendix that the case of the United Arab Emirates is mostly driven by measurement error, and even including this noisy data point we find little robust negative association between oil abundance and economic growth. In this sense, our crosscountry analysis strengthens Alexeev and Conrad's conclusion that the curse of oil is elusive, even after controlling for initial income.
Second, in any cross-country regression, we can never be sure whether we are controlling for all confounding factors. All previous studies from the resource curse literature treat oil abundance as exogenous. However, David and Wright (1997) argue that natural resource abundance (measured by deposit at a given point in time) depends on geological good fortune as well as favorable legal, institutional, and political structures. Our measure of oil abundance improves upon the measures from previous studies by exploiting geologically-determined initial oil endowment, which is arguably more exogenous than other measures, such as current oil production or reserves. Nonetheless, even variation in the estimated oil endowment may not be completely exogenous when geologists' estimates are based on geological information as well as oil discovery history. For example, if countries with superior institutions are more successful in oil exploitation (Bohn and Deacon, 2000) , and such institutions generate both higher economic growth and larger oil discovery, this omitted variable bias will introduce an upward bias to our estimated impact on economic growth. Moreover, the problem may also create downward bias in the case of population growth if such institutions also encourage human capital accumulation, which at the end reduces population growth.
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An alternative approach that can better address the omitted variable bias problem is to use panel method. While the initial oil endowment for each country is a fixed factor, there is substantial time-series variation in oil rent because of fluctuation in oil prices as well as development of new oil fields and depletion of old ones. However, when there is not sufficient time-series variation in oil rent over a short period of time, the dynamic panel estimation procedure may exaggerate the measurement error bias, and bias towards zero the oil coefficient in our case. In other words, there is a tradeoff between reducing the bias attributable to omitted heterogeneity and reducing the extent of bias from measurement error. 23 Thus, our panel analysis
should not be viewed as a better substitute to our cross-country analysis; rather, they are complementary to each other. In particular, to the extent that fixed-effects estimations understate the impact of steady-state determinants of growth because of attenuation bias, exploiting withincountry variation provides a lower bound of the oil impact.
Panel Evidence on Oil Abundance and Development
For the panel estimation, we consider the following simple growth model:
(2) INCOME it = β₁ + β₂ INCOME i,t-τ + β₃ OIL it + X it ′β₄ + δ i + µ t + ε it.
In our baseline specification, we use data at 5-year intervals (i.e. τ = 5). The variable of interest oil is measured as the time average of per capita oil rent (measured in $100,000 per capita, 1990 dollars) over the relevant growth period. In our main panel specification, we also control for time-averaged democracy and war, because political stability may affect both oil extraction and growth. 24 The δ i ' s denote a full set of country dummies and the µ t 's denote a full set of time effects that capture common shocks to the dependent variable for all countries at time t. ε it is an error term, capturing all other omitted factors, with E(ε it ) = 0 for all i and t.
Because of the presence of lagged dependent variable in standard growth regression, the standard fixed-effects estimator becomes consistent only when the number of periods increases to infinity. We, therefore, estimate dynamic panel data models that account for the endogeneity of the lag dependent variable. First, we use the methodology proposed by Anderson and Hsiao (1982) , which is to time difference equation (2), to obtain (3) ∆INCOME it = β₁+ β₂ ∆INCOME i,t-τ + β₃∆OIL it + ∆X it ′β₄ +∆µ t + ∆ε it , where the country fixed effects are removed by time differencing. When there is no serial correlation in the original ε it , and hence no second order serial correlation in ∆ε it , INCOME i-2τ is uncorrelated with ∆ε it and hence can be used as an instrument for ∆INCOME i-τ . Another approach, which exploits the assumption of no further serial correlation in ε it , and hence produces more efficient estimates when all the moment conditions are valid, was developed by Arellano and Bond (1991) . In our GMM estimation, we also treat other control variables as predetermined, 25 so that the second and further lags can be used as instruments for the firstdifferenced control variables. Under this GMM method, we can also test for the assumptions of no serial correlation and overidentifying restrictions.
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Our panel results on oil and development are reported in Table 6 , using data from the 1970-2000 period. 27 Each row corresponds to the regression for each dependent variable, namely, total GDP, population, and GDP per capita. Our base sample is an unbalanced sample.
As a point of reference, column (1) first presents the simple pooled OLS estimates. According to column (1), one might conclude that oil is a curse and it leads to a Malthusian trap, because it shows that higher rent induces lower GDP per capita growth and higher population growth.
However, recall from Figure 1 that oil-rich countries experienced negative growth during the 1980s. Making a cross-country comparison over that period, therefore, we are essentially comparing the growth of an oil-rich country which suffered from a negative income shock with the growth of a non-oil country which, if anything, benefited from the lower oil prices.
Apparently, oil-producing countries experienced negative economic growth not because they became more oil abundant; rather, it is because their oil endowment became less valuable. If short-to-medium oil impact on growth is to be estimated, the appropriate empirical framework is fixed-effects estimation which exploits within-country variation in the value of oil rent. Column 25 In other words, while current shocks are assumed to be uncorrelated with current and past values of oil rent, we allow for feedback effects from lagged dependent variables (or lagged errors) to current and future values of oil rent. 26 We do not consider the system-GMM estimator (Arellano and Bover, 1995) because it requires additional identifying restrictions which are not appealing in our context. In particular, it uses time-differenced instruments for the level equations. In our setting, it requires five-year changes in oil-rent being orthogonal to the growth country fixed effect. We think this assumption is likely to be violated because political instability contributes to supply disruptions and price volatility. Oil-countries such as Algeria, Nigeria, and Iraq are some of the obvious examples.
To the extent that our country fixed effects are capturing time-invarying institutional features which also determine political stability and growth, these moment restrictions are not satisfied. 27 We use data from the 1970-2000 period as our base sample because there are too few observations during the 1960-1970 period. In the section 5, we present robustness check using the unbalanced sample over the 1960-2000 period.
(2) shows that once we focus on within-country variation, the curse of oil disappears. In particular, the effect on total GDP becomes positive (although statistically insignificant), and the negative effect on GDP per capita becomes almost ten times smaller and also insignificant. The only robust effect is the Malthusian effect. Because of the presence of lagged dependent variable, however, this simple fixed-effects estimation is not consistent.
Column (3) shows that using the Anderson-Hsiao estimator, the economic impact of oil becomes positive, even measured in per capita terms, although the estimate is very imprecise. To improve efficiency, column (4) reports the results using the Arellano-Bond GMM estimator. The positive effect on total GDP growth now becomes highly significant, and the estimated effect on per capita GDP growth becomes less imprecise. In both cases, the effect on population growth is positive and highly significant. For instance, a point estimate of 0.521 from the Arellano-Bond GMM estimator implies that compared with a no-oil country, collecting $1,800 of oil rent per capita a year an average oil-producing country will increase the annual population growth rate by almost 0.2 percentage points.
Columns (5) and (6) 
Panel Evidence on Oil Abundance and Other Demographic and Health Outcomes
With robust evidence for the Malthusian effect from both cross-sectional and panel analyses, we now extend our panel analysis to other demographic and health outcomes. Since the decomposition in population growth requires controlling for initial population but not initial births, deaths, or net migration, the panel estimations of the sources of Malthusian effect is straightforward. 28 To make our estimation comparable with the population growth estimation, we remove the country fixed effects by first differencing.
Panel A of Table 7 summarizes the panel evidence on oil abundance and the sources of population change, using data from the period 1970-2000. Consistent with our earlier crosscountry evidence, oil rent has a positive and significant effect on both the number of births and net migration, with the effect on migration economically more significant in explaining the population growth using both the unbalanced and balanced samples.
From Table 5 Table 7 shows that oil rent is indeed negatively correlated with infant mortality and positively correlated with life expectancy in both specifications. 
Sensitivity Analysis
A range of sensitivity checks is performed. Table 8 summarizes the results from the crosscountry before-after analysis. The oil coefficients for the baseline specification, with dependent variables total GDP growth, population growth, and per capita GDP growth, are reproduced on the top row of Table 8 . All regressions are run with the full set of controls. To save space, we report only the growth results three decades after the peak discovery year.
A common concern in all cross-country results is whether they are driven by outlying observations. We drop the top 10 oil-rich countries (measured by their endowment per capita) one at a time, and in all cases the oil impact remains highly significant. For example, dropping either Libya or Iraq, the two most oil-rich countries in our sample, the estimated effects become dependent variable in equation (3) can also be interpreted as the change in population growth, which is the sum of changes in births, deaths, and net migration. 29 Again, we find more significant effects using data from the United Nations. For instance, using 5-year data, the point estimate for the life expectancy regression is 0.207 (standard error = 0.088, and hence significant at the 5% level), and the point estimate using 10-year data is 0.560 (standard error = 0.187, and hence significant at the 1% level). Similarly, the effect on infant mortality is always negative and significant at the 1% level.
slightly larger, which suggests the possibility of a nonlinear effect. 30 Including a squared term of oil endowment in the regressions indicates that the growth effects of oil discovery indeed exhibit decreasing returns. 31 Focusing on oil countries only, we find that the economic impact of oil remains highly significant, although the population effect becomes very imprecise when the sample size reduces by half. The results are very similar when oil endowment is measured in log, or when we use another independent estimate of undiscovered oil resource from the US Geological Survey.
In addition to the concern of outliers, another key drawback of cross-country analysis is the omitted variable problem. The rest of the table reports the results when we add more control variables. Controlling for dummies for legal origin, landlock, or tropical barely changes anything. The results are also robust to adding current rule of law as a control variable. First, it is important to note that, ideally, one would like to control for initial institution before the peak discovery year and the current institution should be an outcome variable. However, in practice, because of the availability of the data we can only use current measure, and hence to the extent that institution is endogenous, controlling for this rule of law variable is subject to both endogeneity bias as well as measure error problem. Following Alexeev and Conrad (2009a) , we instrument the rule of law variable by latitude, the fraction of English language speakers, and the fraction of European language speakers. The validity of these instruments is by no means obvious. With that being said, controlling for this instrumented measure of institutional quality, the positive economic impact and the Malthusian effect of oil remain highly significant statistically, suggesting our analysis may not be subject to severe omitted variable bias.
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A different set of robustness checks is performed for our panel analysis. Our baseline estimates using the Arellano-Bond GMM estimator with the balanced sample over the 1970-2000 period are first reproduced on the top row of Table 9 . The next two rows examine alternative samples. To maximize the number of observations, we consider using the unbalanced 30 The top 10 oil countries in our sample are Libya, Iraq, Venezuela, Oman, Iran, Trinidad Tobago, Equatorial Guinea, Algeria, United States, and Angola. Dropping each of them one at a time, the estimated effect on population growth ranges from 0.175 to 0.353, and the estimated effect on per capita GDP growth ranges from 0.747 to 1.231. All these estimates are significant at least at the 5% level. 31 In all three regressions, however, the oil coefficients are jointly significantly at the 1% level. 32 Note that here the coefficients become larger mainly because of the change in sample, instead of the inclusion of the control. Indeed, in this smaller sample, the estimated effect on economic growth is indeed slightly larger without controlling for the rule of law variable.
sample over the 1960-2000 period. Alternatively, we restrict to the balanced sample over the period, when the oil market experienced its boom and bust. In both samples, there is a robust Malthusian effect and no evidence for the curse of oil. Another way to increase the number of observations is to use higher-frequency data. At 3-year intervals, the Malthusian effect indeed becomes slightly stronger, while the economic impact of oil remains insignificant.
Using 7-year intervals, one the other hand, we obtain both a significant Malthusian effect and a marginally significant impact on total GDP growth. Similar results are obtained when using the Penn World data, instead of the Maddison data.
The rest of the table reports other specification tests. Since production may be endogenous to growth, in addition to using lagged oil rent as instruments we use lagged oil reserves as an instrument for current oil rent, because from discovery to first production there is a development lag ranging from about two years for onshore major fields to around 10 years for offshore oilfields (Laherrere, 1998) . Once again, we obtain a significant Malthusian effect and a marginally significant impact on total GDP growth. Another way to mitigate the endogeneity problem is to measure oil using the initial oil reserves per capita, instead of the flow of average oil rent over the growth period. Once again, oil abundance has a significant positive effect on population growth but no significant impact on economic growth. Finally, instead of using GDP and population information every fifth year, we check the results with five-year averaged data.
The estimate in each column is similar to its corresponding estimate from the baseline specification.
Interpretation and Concluding Remarks
This study uses a unique dataset on worldwide oil discoveries and extractions to provide new evidence of the impact of oil abundance on development. In particular, we exploit betweencountry variations in the timing and size of oil discoveries and within-country variation in oil rent over time to identify the causal effect of oil abundance on economic growth, population growth, birth rate, net migration rate, infant mortality rate, and life expectancy. Contrary to the oil-curse hypothesis, we find that there is no robust evidence of a negative relationship between oil endowment and economic development, even after controlling for initial income. Rather, based on both cross-country and panel evidence, we identify a robust Malthusian effect -higher oil rent induces higher population growth. On an accounting basis, this Malthusian effect arises from both higher birth and migration rates. Finally, we show that focusing on material gain may understate the welfare gain from oil abundance, because oil-rich countries gain more in longevity and infant mortality reduction.
Indeed, when extreme outliers are dropped, our cross-country before-after comparison shows that oil discovery has a significant positive effect on economic growth. On the other hand, although we find some panel evidence that higher oil rent is associated with higher total GDP growth, there is little robust evidence that higher oil rent leads to a significant increase in per capita GDP growth. These cross-country and panel results are consistent with the existence of the omitted variable bias in the former and the exacerbation of attenuation bias in the latter.
While the exact magnitude of the positive economic impact of oil is less precisely estimated, our results reject the hypothesis that oil abundance is an economic curse.
Recall from Table 2 that our sample of countries with different oil endowment is balanced across a wide variety of observables, and according to Table 8 our cross-country estimates are robust to adding additional controls, including proxy for institution quality. These results indicate that there is little evidence for severe omitted variable bias from our crosscountry estimates. However, we do find strong panel evidence of a positive oil impact on population growth but not on economic growth, suggesting measurement error alone is not likely to explain all the discrepancies between our cross-sectional and panel results. One interpretation from our panel results is that at least in the short-to-medium run, oil abundance has a stronger impact on population growth than on economic growth. Indeed, in many specifications, the size of the oil coefficients for the total GDP growth and population growth regressions are quite similar, an observation consistent with the Malthusian model of population and economic growth. In particular, there is a positive effect of the standard of living on the growth rate of population, which initially depresses income per capita. This initial decline is later compensated by higher output as more people enter the labor force, so that in the long run this compensation can be complete or even exceed the initial level of income per capita, as our cross-country analysis indicates.
We have conjectured that the difference in fertility may be explained by higher income from oil rent, as well as by differences in the government subsidies in health and education among oil and no-oil countries. In a recent paper, Manuelli and Seshadri (2009) find that differences in productivity and taxes explain a significant fraction of differences in international fertility. However, it is important to note that the Malthusian mechanism offers only one possible interpretation of our findings. While we argue the oil effects on population growth and economic development are causal, we do not argue that there is necessarily a negative effect of population on economic growth and welfare. The mechanical relationship between larger population and lower capita GDP is an accounting one. Our results, therefore, do not imply that an oil-rich country will be better off if a birth-control policy is implemented or immigration is restricted.
First, although birth rates are higher in oil-rich countries, our results show a significant fraction of population growth can be explained by net migration. Foreigners working in many of the Middle East oil-rich countries are attracted to these countries because there is a demand for young productive workforce from the oil sector. For any period during which a country experiences substantial immigration, growth in per capita income also tends to understate actual growth in economic welfare when the immigrants enter at an income lower than the average (Friedman, 1974) . To the extent that these new migrants have lower income initially but their income converges to the rest of the population over time, our cross-country and panel results on economic growth are also consistent with the classical interpretation that time series data tend to reflect short-run responses whereas cross sections data tend to yield long-run responses (Kuh, 1959) .
Second, both of our cross-sectional and panel results also indicate that citizens from oilrich countries benefit from larger health improvements, which contradicts a pure Malthusian mechanism by which there is a negative feedback from the size of population to the standard of living because of the existence of some fixed resource. The gain in longevity and reduction in infant mortality suggest that our panel results on economic growth are likely to understate the overall welfare gain from oil abundance. Citizens from oil-rich countries gain in these health outcomes either from higher personal income, 33 or through subsidized health care financed by their state's oil revenue. While it is debatable whether better health can help promote economic growth in the long run when heath improvements are accompanied by population increases (Acemoglu and Johnson, 2007; Jena et al. 2008) , our analysis suggests that despite the Malthusian effect, overall oil abundance is an economic blessing rather than a curse.
33 In an interesting recent study, Acemoglu et al. (2009) find that an increase in income induced by an oil price shock increases health expenditure, although the income elasticity is less than one.
Appendix A: Data Description and Sources
Our oil discovery and extraction data are obtained from Dr. Colin Campbell at the Association for the Study of Peak Oil (ASPO), a non-profit organization that is devoted to gathering industrial data to study the dates and impact of the peak and decline of world oil. 34 The dataset contains the years and sizes of oil discoveries for the top 61 oil countries over the period . Information on cumulative discovery and production before 1930 is also available. These enable us to construct a long panel of oil reserves. While oil exploration and extraction activities extend over time, a country's major discoveries are usually concentrated in a few years, known as the peak discovery period. For each oil-producing country, the dataset provides information on the year when the oil discovery peaked.
Moreover, the dataset provides for each country an estimate of the total oil-initially-inplace, which is determined by geology and hence presumably exogenous. Knowledge about cumulative discovery and cumulative wildcats also contribute to the estimate. According to geologist Dr. Campbell, who compiled the ASPO oil dataset, the ultimate recoverable reserves (i.e. the original endowment of reserves) is the sum of (a) cumulative production, (b) reserves, and (c) yet-to-find (i.e. the amount of conventional oil remain to be discovered). Based on his industrial raw data at the individual oil-field level, his extensive geology knowledge, and his industrial consulting experience, adjustments were first made to (a) and (b) to correct for misreporting in the public data. In particular, he estimated the -P50‖ oil reserves by country (-P50‖ reserves are those with a notional 50% probability, i.e., being equally likely to see downward revision as upward revision with time). He then combined several techniques to obtain statistical estimates of the yet-to-find. First, he extrapolated published production figures for older oil fields that have begun to decline. Second, he plotted and extrapolated over time the amount of oil discovered so far in some regions against the cumulative number of exploratory wells drilled there. Because larger fields tend to be found first-they are simply too large to miss -the curve is hyperbolic which rises rapidly and then flattens, eventually reaching a theoretical maximum. Third, other statistical techniques involving size distributions and geological habitats 34 One advantage of this dataset over public data is that adjustments are made to remove any identified nonconventional oil. More importantly, oil reserves, measured in barrels, are computed (instead of reported) using information on previous discoveries and production. These backdate revisions remove any suspicious drastic changes in reserves without any significant discovery being identified and any implausibly unchanged reserves. For other details of this dataset, see Tsui (forthcoming) . also contribute to the estimate. For example, he analyzed the distribution of oil-field sizes in the Gulf of Mexico and other provinces. Ranked according to size and then graphed on a logarithmic scale, the fields tend to fall along a parabola that grows predictably over time. Finally, he checked his estimates by matching his projections for oil production in large areas, such as the world outside the Persian Gulf region, to the rise and fall of oil discovery in those places decades earlier. In particular, each country's future production is modeled as follows: (a) if already past peak, by declining production at the existing decline rate (i.e., by a fixed percentage of the remaining recoverable resource); if prior to peak, by increasing production at an annual growth rate until cumulative production equals half that country's ultimate, and thereafter declining production at the then-existing decline rate; and (c) in the case of the Middle-East -swing‖ producers, calculating their production, subject to their own resource limits, using a small number of -geopolitical‖ scenario. He concluded that given that the world has now been thoroughly explored, most future discovery will be in ever smaller fields in currently producing basins.
To check the robustness of the ASPO's estimate of oil endowment, we also use another independent estimate from the US Geological Survey World Petroleum Assessment 2000.
The ASPO dataset covers most oil countries. For the rest of the world, oil endowment is either insignificant or nil. The total discovery amount for each of these countries is imputed by adding cumulative production to reserves, both of which are identified from public data, such as the BP Statistical Review of World Energy. Total oil-initially-in-place is imputed as the amount of total discovery. The peak discovery date is imputed using the regional peak year. Since these countries have less incentive to misreport and the figures are either zero or very small, measurement error is bound to be negligible.
Our panel estimation requires data on oil rent. The ASPO dataset provides information on oil price and oil production for most oil countries since 1930. Public data such as the BP dataset also contains production data since 1965. Finally, cost data are obtained from the World Bank Genuine Savings database. Since the cost data are available only after 1970 and for many countries the cost time series is imputed based on just a few observations, we compute for each country an average cost and apply this average cost throughout the sample period. Database, whereas fractionalization data are taken from Alesina et al. (2003) . Democracy data is taken from the Polity IV dataset. In the robustness checks, we also control for other fixed factors, such as legal origin, landlock, and tropical. These data are also obtained from the Global Development Network Growth Database. Finally, war data that we use in the panel estimation is obtained from the UCDP/PRIO Armed Conflict Dataset.
Appendix B: Further Robustness Checks with United Arab Emirates as an Extreme Outlier
Throughout the cross-country analysis, United Arabs Emirates (UAE) is treated as an extreme outlier and is excluded from the sample. According to the ASPO data, UAE has an endowment of 0.773 million barrels per capita. The second, third, and forth largest oil-countries from the sample are Libya, Iraq, and Venezuela, with endowment 0.043, 0.038, and 0.025 million barrels per capita respectively. In per capita terms, therefore, UAE has almost 20 times more oil than these countries. On the other hand, according to the ASPO data, while UAE's first year of oil production was 1962 and it has a peak discovery year of 1964, it was the third richest country in the world in the year 1950, with GDP per capita almost 70% higher than the United States, according to the Maddison's data. We seriously question the reliability of the UAE's early income data, which is crucial in determining its economic growth and hence the overall economic impact of oil abundance in our regressions given that it is an influential observation.
Appendix Figures sloped once UAE is included in the sample. UAE is an influential observation for the economic growth regression, which most likely signals measurement problems as described above. In particular, the population effect remains positively and significant at the 1% level in all specifications from one decade to four decades after the peak discovery year. On the other hand, while the effect on per capita GDP growth becomes negative, it is only significant two and three decades after the peak discovery year (with point estimate -0.026, standard error 0.012, and point estimate -0.040, standard error 0.010, respectively), but not significant one and four decades after the peak discovery year. Furthermore, not only the magnitude of the effect is economically small, the effect is also not robust to some alternative specifications. For instance, when oil endowment is measured in log, the effect two decades after the peak discovery year becomes only marginally significant at the 10% level, and the effect becomes even insignificant when we use median regression. Notes: Oil countries with oil endowment less than 0.0001356 million barrels per capita are classified under the heading "Small oil endowment". The table reports summary statistics for the largest sample of countries used in Table 3 regressions, however the sample size may be smaller for some variables. The last column reports heteroskedasticity robust F statistics from tests of equality of means of the three samples. Anderson and Hsiao (1982) , where the lag dependent variable in differences is instrumented using the second lag of the dependent variable in levels. Columns [4] and [6] use GMM method of Arellano and Bond (1991) . In this specification we make the following identifying assumptions. The lag dependent variable is predetermined and the other control variables oil rent, democracy, and years of var (measured as averages of the 5 years from t-5 to t-1) are not predetermined for the ε i,t , but are predetermined for ε i, t+1 (which means after 5 years). As a result, the second lag and further lags of dependent variable act as instruments for lag differenced dependent variables, and the second lag and further as instruments for the differenced control variables. [Following the specification described above in the unbalanced panel for the Population and the GDP per capita regressions, the Hansen J rejects the null that instruments are exogenous. As a result, we report results obtained after excluding the nearest lag in the set of instruments specified above.] Robust standard errors clustered at country level are reported in parentheses. Hansen J statistic reports the p-value of a test of overidentifying restrictions robust to heteroskedasticity. AR(2) Test reports the p-value from a test for second order correlation in differences/first-order correlation in levels of the idiosyncratic error term. 
